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Abstract
Data from the 1997–2004 National Health Interview Survey Sample Adult questionnaires were 
linked to the National Death Index (N=242,397) to examine mortality risks associated with 
average and episodic heavy drinking. Cox proportional hazard models (Stata 12.0) revealed that 
(average) heavier drinkers and episodic heavy drinkers (5+ in a day) had increased mortality risks 
but when examined together, episodic heavy drinking added only modest to the mortality risks of 
light and moderate drinkers. Limitations and implications of results for survey measurement of 
potentially harmful levels of alcohol use are noted. This was a Federal study that received no 
outside funding.
INTRODUCTION
More than half of U.S. adults (115 million) drink alcohol regularly, and another 14% drink 
occasionally (Schiller et al., 2012). The health effects of alcohol use, both positive and 
negative, have been the focus of research for decades, with emphasis on alcoholism and 
alcohol abuse, which are considered clinical psychiatric disorders (APA, 2000; NIAAA, 
1995; Warren & Hewitt, 2010). Studies have shown that light to moderate alcohol 
consumption has positive survival benefits and reduces cardiovascular, stroke, and diabetes 
risks (Britton et al., 2008; Costanzo et al., 2010; Di Castelnuovo et al., 2006; Muntwyler et 
al., 1998; Patrat et al., 2010; Vliegenthart et al., 2004). However, problems may arise when 
individuals exceed moderate levels, either regularly or episodically (Masunaga et al., 2006). 
High levels of alcohol consumption can lead to a variety of increased health and social 
problems, including liver and pancreatic disease (Heron, 2007), cancer of the colon, breast, 
esophagus and mouth (Baan et al., 2007; Fedirko et al., 2011), depression, unintentional 
injuries, violence, impaired social and occupational functioning, and pregnancy-related 
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complications, such as fetal alcohol syndrome (Gmel & Rehm, 2003; Rehm et al., 2009; 
Sokol et al., 2003). Excessive alcohol use ---whether meeting diagnostic criteria for 
alcoholism or alcohol abuse or not--- is a major public health concern. The U.S. Preventive 
Services Task Force has recommended screening and behavioral counseling interventions in 
primary care settings to reduce misuse of alcohol (Guide to Clinical Preventive Services, 
2011). Similarly, the National Institute on Alcoholism and Alcohol Abuse (NIAAA) 
provides clinicians with screening tools for alcohol intervention (NIAAA, 2005). 
Monitoring misuse of alcohol, also termed “at-risk drinking” in a nationally representative 
population-based survey presents challenges. Among these challenges is identifying a 
meaningful threshold between healthy and hazardous drinking levels.
The National Health Interview Survey (NHIS) offers a unique opportunity to explore 
possible thresholds for defining “at risk drinking” with national survey data because of its 
large, nationally representative sample and the wide range of information collected on 
respondent alcohol use and factors associated with both at-risk drinking and health 
outcomes. Among this information are socio-demographic characteristics such as sex, age, 
race/ethnicity and education level (Marmot, 2005; Wen et al., 2009; Zajacova & Hummer, 
2009), and health-related behaviors such as cigarette smoking (CDC, 2008; Ezzati & Lopez, 
2003), physical activity (Schoenborn & Stommel, 2011), as well as body mass index (BMI) 
(Flegal et al., 2005, 2007; Fontaine et al., 2003). Furthermore, the NHIS can be linked to the 
National Death Index (NDI) and subsequently offers the opportunity to examine cause-
specific mortality in relation to alcohol use as reported in the NHIS.
As part of its annual core questionnaire for adults aged 18 and older, the NHIS incorporates 
questions about lifetime and current alcohol use, and the number of days that adults had five 
or more drinks in one day---a measure of episodic heavy drinking. These questions, 
designed for surveillance of average and “at risk” alcohol use, were added in 1997 following 
recommendations of experts at NIAAA. The same questions were later recommended by the 
World Health Organization (WHO) for use in national surveys worldwide (WHO, 2000). 
More recently, the NIAAA recommendations have been updated to include both average and 
episodic heavier use together as an indicator of excessive alcohol use (NIAAA, 2005).
The purpose of the current analysis is to determine if levels of alcohol use---as measured in 
the NHIS---are, in fact, associated with greater mortality among a representative sample of 
U.S. adults. Our hypotheses were that: (1) heavier drinkers, defined as having consumed an 
average of >14 drinks per week for men and >7 drinks per week for women (USDA and 
DHHS, 2011), would have higher mortality risks than adults who drank lesser amounts; (2) 
current drinkers who engaged in episodic heavy drinking (5+ drinks in a day) would have 
higher mortality risks than drinkers who did not engage in this behavior; and (3) that the 
elevated mortality risks associated with episodic heavy drinking would differ for drinkers 
with varying levels of average consumption, such that the increased hazards would be 
greater for moderate drinkers than for heavier drinkers—whose average consumption was 
already substantial.
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The NHIS is a household-based survey of approximately 40,000 households throughout the 
United States conducted continuously since 1957 and released annually. Some information 
is collected on all household members. One civilian adult in each family (the “Sample 
Adult”) is randomly selected to answer additional questions about his/her own health, 
including alcohol use. In the current analysis, data from the 1997–2004 NHIS Sample Adult 
Core questionnaires were merged in order to examine up to 10-year mortality outcomes 
associated with alcohol use during the year prior to the NHIS interview. These NHIS data 
were the most recent available with linkage to the National Death Index (NDI), a centralized 
database at the National Center for Health Statistics (NCHS) containing information on all 
deaths occurring in the 50 states and the District of Columbia. NDI record linkage for the 
NHIS has been completed for deaths occurring through December 31, 2006. Of the NHIS 
Sample Adult interviews completed during the study period, 242,397 (93.9%) were 
designated as “eligible for linkage,” with sufficient interview information for linking with 
NDI records. Of these, 140,741 adults were current drinkers at the time of interview and 
provided complete data for both average drinking level and episodes of heavy drinking. 
Details of the NCHS linking methodology are described elsewhere (NCHS, 2009). During 
the follow-up period from January 1, 1997 through December 31, 2006, 17,139 deaths were 
identified among the NHIS sample adults eligible for linkage. Of these, 6,391 deaths 
occurred among adults who were current drinkers at the time of interview. The analysis was 
limited to deaths occurring ≥ 2 years after the interview (n=4,675) to diminish the likelihood 
that reduced drinking levels at the time of interview reflected approaching death. 
Respondents not identified in the death records were presumed to be alive as of December 
31, 2006 using restricted access data files that contain exact interview date and exact death 
date. The time scale was number of months between date of interview and death or 
censoring. Final (unconditional) annual NHIS response rates over the 8-year period ranged 
from 86.1% to 90.3% for the Family component (taking into account Household non-
response) and from 69.6% to 74.3% for the Sample Adult component (taking into account 
Household and Family non-response). The Sample Adult response rates, conditional upon 
household participation, ranged from 74.2% to 82.4%. Analysis was conducted in 2013.
Measures
Alcohol consumption—NHIS questions address both lifetime and current alcohol 
consumption. Adults are asked if they ever had 12+ drinks in any one year and, if not, 
whether they had 12+ drinks in their entire life. Adults who had had 12+ drinks in their 
lifetime were asked about their drinking in the past year using two questions: “In the past 
year, how often did you drink any type of alcoholic beverage?” and “In the past year, on 
those days you drank alcoholic beverages, on the average, how many drinks did you have?” 
Those adults who had 1+ drinks in the past year were defined as current drinkers 
(n=140,741). Current drinkers are the focus of this analysis. Current drinking status was 
estimated by first converting average drinking frequency (reported in times per week, month 
or year) to total days drank during the year. This total was then multiplied by average 
number of drinks on days the person drank to compute total annual alcohol consumption. 
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Finally, total annual consumption was divided by 52 to estimate average weekly 
consumption. Current drinkers were classified as: infrequent/light (≤3 drinks per week), 
moderate (3–7 drinks per week, women; 3–14 drinks per week, men), and heavier (>7 drinks 
per week, women; >14 drinks per week, men). For this analysis, infrequent drinkers (< 12 
drinks in past year) were included in the category with light drinkers after determination that 
the mortality hazards for the two groups are similar.
Episodic heavy drinking was assessed using the NHIS question: “In the past year, on how 
many DAYS did you have 5 or more drinks of any alcoholic beverage?” This question, 
asked of all current drinkers, was designed to capture information about drinking patterns 
not available from the measure of average drinking behavior. This indicator, however, it is 
not a measure of “binge drinking,” generally defined as 5+ drinks (sometimes 4+ for 
women) on a single drinking occasion or in a 2-hour period (CDC, 2012). Multiple 
thresholds for number of days of episodic heavy drinking were examined: 1+ days; 3+ days; 
12+ days; and 52+ days. For the Cox models in table 2, episodic heavy drinking was 
classified as having had 5+ drinks in one day 3+ days in the past year. The cutoff point of 3+ 
days was chosen so as to exclude rare occasions of episodic heavy drinking associated with 
exceptional social/family celebrations such as weddings, etc. while retaining sufficient 
sample size for meaningful statistical interpretation.
Mortality indicators—Using 1997–2004 NHIS-NDI linked mortality datasets, the 
following four underlying causes of death were examined: all causes, alcohol-related 
cancers (including breast, esophagus, larynx, liver, mouth/tongue/lip, pharynx, and colon), 
liver disease, and cardiovascular disease.
Covariates—Each model includes: sex, age, race/ethnicity, education level, cigarette 
smoking status, aerobic leisure-time physical activity (Carlson et al., 2010), and BMI. All 
variables are self-reported. Age is recorded in single years was used as a continuous variable 
in the models. The race/ethnicity classification consists of adults of Hispanic origin 
(regardless of race) and five non-Hispanic race groups: white (ref), black, American Indian/
Alaska Native, Asian/Native Hawaiian or Other Pacific Islander, and multiple races. Highest 
educational attainment is categorized as: Less than high school graduation, General 
Equivalency Diploma (GED), high school graduate (ref), some college, bachelor’s degree, 
graduate degree (Master’s degree or higher). Cigarette smoking status consists of current 
smokers (adults who had smoked at least 100 cigarettes in their lifetime and were smoking 
either every day or some days at the time of interview) (ref), former smokers and never 
smokers (adults who had never smoked as many as 100 cigarettes in their lifetime). The 
aerobic leisure-time physical activity indicator is consistent with the 2008 Federal Physical 
Activity Guidelines which specify adults should engage in at least 150 minutes per week of 
at least moderate intensity aerobic physical activity. The categories used in the model were: 
no aerobic activity (ref), some activity but less than 150 minutes per week, and 150 minutes 
per week of moderate intensity activity or 75 minutes of vigorous activity or an equivalent 
combination. Body mass index (kg/meters2) is computed from self-reported height and 
weight, and then adjusted for known reporting bias described elsewhere (Stommel and 
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Schoenborn, 2009). The quadratic term for both age and BMI were included in the model to 
account for their non-linear relationship with mortality.
Statistical Analysis
This analysis focuses on the mortality risks associated with average levels of drinking as 
well episodes of heavy drinking, with the latter comparing persons who had 3+ days during 
a year on which they consumed 5+ drinks in one day to persons who had fewer or no such 
days. Models with alternative cut-points were also examined. The analysis was conducted 
with Stata (version 12) software (StataCorp, 2011). The NHIS employs a complex, 
multistage sample design with clustering into primary sampling units (counties), 
stratification, and oversampling of specific population subgroups to obtain a probability 
sample of U.S. households. The final person-level weights are adjusted according to a 
quarterly post-stratification by sex, race/ethnicity and age classes using population estimates 
produced by the U.S. Bureau of the Census (Botman et al, 2000). The survey design 
information is captured in three variables, indicating the PSUs, strata and weights, with the 
latter being divided by 8 to obtained averaged population weights for the 8 combined annual 
surveys. This information has been incorporated in all analyses to obtain correct variance 
estimates and standard errors. Cox Proportional Hazards models, using the ‘svy’ prefix 
appropriate for complex survey design, were employed to estimate individual survival time 
to death or censoring date. Hazard ratios and 95% confidence intervals are reported for all-
cause and cause-specific mortality for adults with various levels of alcohol use. Estimates 
for all analyses were weighted using post-stratification to adjust for missing cases due to 
eligibility status (NCHS, 2010). The proportional hazard assumption was assessed 
graphically comparing observed to predicted (based on the models) KM survival curves and 
the curves were parallel. Nested models were compared using the Wald test, since the log-
likelihood test is not fully applicable with complex survey data.
RESULTS
During the period of 1997–2004, among all U.S. adults about 23% were lifetime abstainers, 
8.5% were lifetime infrequent drinkers, and 7% were former drinkers. More than 60% of all 
adults were classified as current drinkers, including 43% who were infrequent/light drinkers, 
14% moderate drinkers, and 5% heavier drinkers.
Table 1 shows that among current drinkers in the U.S. resident population, almost 70% were 
infrequent/light drinkers, while 22.6% engaged in moderate and 7.5% in heavier drinking. 
Episodes of 5+ drinks a day increase precipitously with higher average alcohol 
consumption: 11.2 % of infrequent/light drinkers, 48.3% of moderate drinkers, and 75.3% of 
heavier drinkers had at least three days with 5+ drinks during the year prior to the interview. 
Whereas almost 80% of infrequent/light drinkers had no days with 5+ drinks in the past 
year, only 20% of heavier drinkers had no such days; over half of heavier drinkers had 52+ 
days of episodic heavy drinking. Comparison of mean and median number of days of 
episodic heavy drinking similarly shows that it is only among heavier drinkers that 5+ drinks 
a day is a common occurrence (median=52 days per year).
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Table 2 shows the unweighted counts and the weighted percentages of deaths that occurred 
at least two years after the NHIS interview, by average and episodic heavy drinking status. 
The distribution of deaths by average drinking reveals that deaths from all causes to 
infrequent/light (63%), moderate (25%) and heavier (12%) drinkers were disproportionate to 
their distribution in the population. Of the almost 4,700 deaths occurring to current drinkers 
over the study period, only 311 were attributed to alcohol-related cancers, 91 to liver-related 
diseases, and 1,535 to cardiovascular disease. Results were similar when looking at episodic 
heavy drinking.
Mortality Risks among Current Drinkers
Preliminary analyses using unadjusted models—that is, models containing only average 
drinking and episodic heavy drinking variables (data not shown) --- suggested that heavier 
drinking posed increased mortality risks for each cause of death studied, but having 5+ 
drinks in one day at least three times during the year substantially reduced risk in most 
instances (the one exception was liver deaths). However, given substantial age differences in 
this drinking behavior (younger adults are significantly more likely to engage in episodic 
heavy drinking than older adults; Schoenborn et al., 2013), the counterintuitive results of the 
unadjusted models make sense. After adjusting for age, the mortality risks associated with 
episodic heavy drinking are substantially increased. This pattern persists for overall 
mortality risks as well as liver-related mortality, even after further adjustment for smoking 
status. Since smoking is positively correlated with heavy episodic drinking, controlling for 
smoking reduces the mortality risk that can be directly attributed to episodic heavy drinking. 
A similar, but weaker, confounding effect is associated with educational achievement: better 
educated individuals are both less likely to engage in episodic heavy drinking and have more 
favorable mortality profiles. Thus, controlling for education reduces the mortality risk 
attributable to episodic heavy drinking. Still, age is the dominant confounding variable: 
young people are more likely to engage in episodic heavy drinking and have lower mortality 
risks. Thus, after controlling for all the covariates, the adjusted models (Table 3) reveal 
increased mortality risks for individuals engaged in episodic heavy drinking.
Specifically, Table 3 shows four models with mortality hazard ratios (HRs) associated 
drinking practices at the time of the NHIS interview for infrequent/light, moderate, and 
heavier current drinkers. All models control for: sex, age, race, education, cigarette smoking, 
leisure-time physical activity, and BMI. Model 1 examines the main effects of current 
average drinking level with infrequent/light drinkers as the reference category. This model 
does not include episodic heavy drinking (that is, having had 5+ drinks on at least three 
days.) No increased mortality risk is found among moderate drinkers relative to infrequent/
light drinkers. However, heavier drinkers face higher risks of mortality from all causes 
(HR=1.44, p<0.001), all alcohol-related cancers (HR=1.79, p<0.01), and liver-related causes 
(HR=6.17, p<0.001) but not from cardiovascular disease. Model 2 examines the main effect 
of episodic heavy drinking--- having at least 3 days annually with 5+ drinks--- on mortality 
risks without taking average drinking levels into account. The results show that having had 
at least 3 days with 5+ drinks in the past year increased risks for all-cause mortality 
(HR=1.22, p<0.001), liver-related causes (HR=3.52, p<0.001), and deaths due to 
cardiovascular disease (HR=1.22,p<0.05), but not for alcohol-related cancers.
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Both average drinking level and episodic heavy drinking are included in Model 3 as 
independent predictors. In this model, heavier drinkers remain at increased mortality risk 
from all causes (HR=1.34, p<0.001), alcohol-related cancers (HR=1.84, p<0.05), and liver-
related causes (HR=3.30, p<0.05). As in Model 1, there was no increased risk for 
cardiovascular deaths associated with being a heavier drinker. Likewise, moderate drinkers 
had no increased risk relative to infrequent/light drinkers for any of the four causes of death 
examined. However, with at least 3 episodes of heavy drinking, there were modestly 
increased risks of all-cause mortality (HR=1.12, p<0.05) and cardiovascular mortality risk 
(HR=1.24, p<0.05), but no additional risks for alcohol-related cancers or liver-related causes 
independent of average alcohol consumption.
The final model (Model 4) shows the interactions between average drinking levels and 
episodic heavy drinking. Only one such interaction, with liver-related death as the outcome 
risk, was statistically significant (p<0.012). The hazard ratios for Model 4 focus on the 
contrasts between persons who reported 3+ days of episodic heavy drinking versus those 
who reported fewer such days, within the three average drinking levels of infrequent/light, 
moderate, and heavier. Only two such contrasts were statistically significant: infrequent/
light (HR=3.88, p<0.05) and moderate (HR=3.39, p<0.05) current drinkers, who had 
occasional bouts of episodic heavy drinking have higher risks of dying from liver-related 
diseases than persons with similar overall alcohol consumption who never or rarely engage 
in this behavior. By contrast, heavier drinkers did not suffer from an additional risk of liver 
death due to episodic heavy drinking. None of the other interaction models and contrasts 
involving episodic heavy drinking shows significant effects. Replication of Model 4 with 
varying thresholds (Table 4) yielded similar results for each cause of death studied, with one 
exception: among infrequent/light and moderate drinkers the contrasts between those who 
engaged in episodic heavy (5+ in a day) drinking 52+ days during the year versus those who 
had fewer such days was no longer significant. This should not be surprising, since only 
very few people who are moderate or light drinkers engage in episodic heavy drinking (see 
Table 1) resulting in a contrast of low statistical power. Furthermore, the contrast compares 
persons engaging in episodic heavy drinking for 52+ days to persons engaging in this 
behavior for less than 52 days which means that some members of the comparison group 
already have many episodic heavy drinking days. Thus, whatever damage heavy episodic 
drinking does has already occurred at a lower threshold.
DISCUSSION
In this paper, we sought to assess if average levels of alcohol consumption and episodic 
heavy drinking (5+ drinks in one day) ---separately and combined---were associated with 
greater mortality among a representative sample of U.S. adults. As hypothesized, across 
each of the causes of death studied, except cardiovascular disease, heavier drinkers were at 
increased mortality risk relative to infrequent/light drinkers, while moderate drinkers 
showed no increased risk. Our measure of episodic heavy drinking (at least three days 
annually on which a person drinks 5+ drinks), predicts mortality risks but only for liver 
disease and only among infrequent/light and moderate drinkers. Apparently, even a few 
episodic heavy drinking days can have an adverse impact on liver disease and consequent 
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mortality. Drinkers who engage in episodic heavy drinking are at increased risk for 
cardiovascular death, even though average heavy drinking does not increase such risks.
The results presented here offer support for our hypothesis 1– heavier drinkers, as defined 
here, are at greater risk of death than infrequent/light drinkers. While we found support for 
hypothesis 2-- drinkers who engage in episodic heavy drinking at least three days in a year 
are at increased risk for cardiovascular and overall mortality--- this finding is an average 
effect regardless of average (infrequent/light, moderate, heavier) drinking level. When 
examining the effects of episodic heavy drinking among each of the three classes of average 
drinking patterns (infrequent/light, moderate and heavier), we found support for hypothesis 
3 but only for liver disease mortality: episodic heavy drinking increases the risk of dying 
from liver disease for infrequent/light and moderate drinkers and not for heavier drinkers. 
The 5+ drinks information in itself adds modestly to our prediction of mortality risks 
associated with alcohol use beyond that obtained by knowing average use.
The current analysis is subject to a number of limitations. Some respondents may have been 
unwilling to report socially unacceptable levels of heavy drinking (Stone et al., 2000; 
Paulhus, 2002; Stockwell et al., 2004), leading to a downward bias in risk estimates 
associated with heavy drinking. Second, the recall period for the alcohol questions refers to 
a full year prior to the interview, which may cause difficulties for respondents trying to 
report on both the frequency and amount of alcohol consumed during such a long period. 
Finally, drinking patterns established for the year prior to interview could have changed over 
the maximum 10-year mortality follow-up period. The fact that our results show quite 
modest associations between episodic heavy drinking and mortality (regardless of the 
threshold used (that is, 1+ days, 3+ days, 12+ days, or 52+ days) may be less a reflection of 
the true dangers of episodic heavy drinking and more a reflection of the limits of cross-
sectional interviews for assessing episodic or infrequent health behaviors.
CONCLUSIONS
Alcohol consumption reported in the NHIS predicts both all-cause and cause-specific 
mortality in the hypothesized direction. The widely reported associations between current 
drinking behavior and mortality were confirmed: adults who consume heavier amounts of 
alcohol, but not those who consumed moderate amounts, experience greater mortality risks 
for all causes combined, and for alcohol-related cancers and liver disease compared with 
infrequent/light drinkers. Episodic heavy drinking behavior increases mortality risks for all 
causes, and for liver-related and cardiovascular causes, independent of average drinking; and 
when used in combination with usual alcohol consumption, information on episodic heavy 
drinking provides some additional explanatory power for risk of liver disease mortality.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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TABLE 3
Hazard Ratios (95% CI) predicting all-cause and cause-specific mortality based on average and episodic heavy 
drinking a
Causes of death
All causes Alcohol-related cancersb Liver-related Cardiovascular
Model 1: Current average drinking
Infrequent/Light (ref.) 1.00 1.00 1.00 1.00
Moderate 0.97 (0.89, 1.05) 1.05 (0.75, 1.46) 1.58 (0.81, 3.11) 0.88 (0.76, 1.02)
Heavier 1.44 (1.29, 1.61)*** 1.79 (1.20, 2.67)** 6.17 (3.08, 12.36)*** 1.23 (0.99, 1.53)
Model 2: Episodic heavy drinking
< 3 days of 5+ drinks (ref.) 1.00 1.00 1.00 1.00
3+ days of 5+ drinks 1.22 (1.10, 1.34)*** 1.16 (0.80, 1.68) 3.52 (1.87, 6.63)*** 1.22 (1.01, 1.48)*
Model 3: Current average drinking & episodic heavy drinking (main effects only)
Infrequent/Light (ref.) 1.00 1.00 1.00 1.00
Moderate 0.94 (0.87, 1.03) 1.07 (0.76, 1.50) 1.13 (0.56, 2.31) 0.87 (0.75, 1.01)
Heavier 1.34 (1.17, 1.53)*** 1.84 (1.14, 2.96)* 3.30 (1.29, 8.44)* 1.07 (0.84, 1.38)
< 3 days of 5+ drinks (ref.) 1.00 1.00 1.00 1.00
3+ days of 5+ drinks 1.12 (1.00, 1.26)* 0.94 (0.61, 1.43) 2.15 (0.90, 5.14) 1.24 (1.00, 1.53)*
Model 4: Current average drinking & episodic heavy drinking (interaction effects)
3+ days of 5+ drinks vs. < 3 days of 5+ drinks among:
Infrequent/Light (ref.) 1.14 (0.94, 1.38) 0.66 (0.32, 1.36) 3.88 (1.36, 11.06)* 1.15 (0.79, 1.67)
Moderate 1.14 (0.96, 1.35) 0.94 (0.50, 1.77) 3.39 (1.27, 9.06)* 1.26 (0.93, 1.69)
Heavier 1.06 (0.85, 1.33) 1.22 (0.50, 3.08) 0.75 (0.28, 2.04) 1.34 (0.86, 2.07)
a
Data source: National Health Interview Survey, 1997–2004, linked to mortality records through December 31, 2006. Average and episodic 
drinking in year preceding the interview. Covariates: sex, age, education, race/ethnicity, smoking, physical activity, BMI. CI is Confidence 
Interval.
b
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TABLE 4
Hazard Ratios (95% CI) predicting mortality based average and episodic heavy drinking at various thresholds 
a
No. days with 5+ drinks & average drinking 
levelb
Causes of death
All causes Alcohol-related cancersc Liver-related Cardiovascular
1+ days with 5+ drinks
Infrequent/Light 1.15 (0.99, 1.33) 0.94 (0.50, 1.76) 3.22 (1.23, 8.43)* 1.24 (0.96, 1.62)
Moderate 1.12 (0.95, 1.32) 1.37 (0.75, 2.49) 2.98 (1.09, 8.13)* 1.14 (0.85, 1.51)
Heavier 1.05 (0.83, 1.31) 1.56 (0.64, 3.82) 0.78 (0.27, 2.26) 1.27 (0.82, 1.98)
3+ days with 5+ drinks
Infrequent/Light 1.14 (0.94, 1.38) 0.66 (0.32, 1.36) 3.88 (1.36, 11.06)* 1.15 (0.79, 1.67)
Moderate 1.14 (0.96, 1.35) 0.94 (0.50, 1.77) 3.39 (1.27, 9.06)* 1.26 (0.93, 1.69)
Heavier 1.06 (0.85, 1.33) 1.22 (0.50, 3.08) 0.75 (0.28, 2.04) 1.34 (0.86, 2.07)
12+ days with 5+ drinks
Infrequent/Light 1.10 (0.85, 1.43) 0.61 (022, 1.72) 4.38 (1.54, 12.42)* 1.00 (0.58, 1.74)
Moderate 1.09 (0.90, 1.33) 1.31 (0.67, 2.57) 3.93 (1.44, 10.73)* 1.12 (0.79, 1.59)
Heavier 1.05 (0.85, 1.31) 1.12 (0.49, 2.57) 0.89 (0.35, 2.26) 0.99 (0.65, 1.50)
52+ days with 5+ drinks
Infrequent/Light 0.84 (0.50, 1.43) 0.47 (0.10, 3.39) 1.98 (0.26, 14.96) 0.97 (0.34, 2.71)
Moderate 1.22 (0.97, 1.54) 1.22 (0.49, 3.03) 1.65 (0.56, 4.85) 1.32 (0.86, 2.02)
Heavier 1.20 (0.97, 1.49) 1.57 (0.70, 3.49) 1.34 (0.55, 3.28) 0.96 (0.64, 1.43)
a
Data source: National Health Interview Survey, 1997–2004, linked to mortality records through December 31, 2006. Average and episodic 
drinking in year preceding the interview. Covariates: sex, age, education, race/ethnicity, smoking, physical activity, BMI.CI is Confidence Interval.
b
HRs reflect hazards associated with various thresholds of days with 5+ drinks in one day in past year compared with those who have not engaged 
in these amounts of episodic heavy drinking behavior for drinkers at each level of average consumption. Hazard ratios for 3+ days with 5+ drinks 
(shaded) are identical to those shown in Model 4 of table 3 and repeated here for ease of comparison.
c
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